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With science being such a common element in river management, we might ask a seemingly nonsensical question-why is science a common theme? The most obvious answer is that it is important to make the best decisions when faced with a choice, whether it is selecting a management action, making a decision about allocating resources, or reaching a conclusion about whether a management goal has been reached. It is not necessary to use science to make a decision. Alternative options would be to select the cheapest, easiest or most popular pathway forward. However, if ecological recovery of the river is the desired endpoint, then science is the most logical tool to support decisionmaking.
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Looking more closely at the Missouri River Recovery Program, the importance of scientific information quickly becomes evident. The Program's science guidance prioritizes science by stating "Incomplete knowledge and understanding of this complex river system that spans a large, diverse landscape creates challenges for making good recovery decisions." This presentation will look at several components of science-based decisionmaking and reflect on how they are being implemented, specifically with reference to least terns and piping plovers.
The last four words in this guidance are a key reminder of the context for this discussion. Not only is it important to make good decisions, but it is important that they be focused on recovery of the river system and its sensitive species.
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Many tools are used to implement the Missouri River Recovery Program guidance as it relates to threatened and endangered species on the Missouri River. These include habitat management (such as sandbar construction), water management (such as manipulation of dam releases to minimize flooding of nests), annual monitoring of habitat and productivity, directed research related to tern and plover biology, and mitigation of threats that may cause mortality or other negative effects. Each of these has its own unique set of decisions that go into implementation and influence ultimate outcomes. Each of these also generates some sort of response, which may be a biological response, a physical response, or, more likely, many complex responses. Additional challenges arising from these responses relate to whether or not they can be detected and properly interpreted, and whether the resulting information can be used appropriately to make subsequent decisions. However, as usual, there is a catch. Resources are limited, which constrains how and even if these tools are implemented.
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Therefore, it becomes very important to consider the tradeoff between efficiency and effectiveness of data used to make decisions. Efficiency can be maximized by using a single data source to make multiple decisions, whereas effectiveness of a given decision can be maximized if the decision is based on scientifically valid, directly applicable information. This kind of information is also known as reliable knowledge. Ideally we'd like to be both efficient and effective, but it is rarely the case that a single type of data can inform a wide variety of decisions. Therefore, it becomes important to understand the data needs of each potential decision. This tradeoff between effectiveness and efficiency is especially important for the Missouri River system because of the ecological importance of recovery, the conservation status of key resources such as threatened and endangered species, and the limited resources available to collect data.
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To further understand this challenge, let us reflect a moment on what we mean by data. David Anderson wrote a paper in 2001 titled "The need to get the basics right in wildlife field studies", and in that paper he defined data as implying information content with respect to some objective. This way of thinking emphasizes a couple of important points. First, numbers are not always data. Numbers are only data when they are supported, collected, and interpreted in reference to an objective. Second is the sample size trap. Most of us believe more is better when it comes to numbers, but simply having lots and lots of numbers does not guarantee good data. If the fundamentals, such as the guiding objectives or the sampling design, are flawed, then no quantity of numbers can produce good data. Third is the underlying objective that motivated data collection in the first place. If the objective is not clearly stated and well understood, then there is a reduced likelihood the data will be, which has subsequent implications for whether decisionmaking is based on the best information.
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Based on that definition, data and their supporting objective are inseparable. Therefore, it is also important to understand what an objective is. An objective is a clearly worded statement that identifies a desired outcome in measurable terms that is stated in advance of an action. The context presented in this report is relevant mostly to tern and plover monitoring, but these same ideas apply in conducting research and in implementing management actions.
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To illustrate these concepts, consider an information need about abundance of piping plovers. Here are two potential ways to phrase an objective to drive data collection on piping plover abundance. Objective A recognizes the need for information on abundance of piping plovers, but it's very general and leaves a lot of uncertainties. Objective B, however, provides a lot more information. The very first word is important-it tells us an estimate is needed, as opposed to a complete census of piping plovers. The second word is also important-it tells us these estimates are needed annually. Next, Objective B says that breeding population will be measured. This is much more specific about information needs than the word "abundance" in Objective A. Finally, Objective B states the spatial scale at which the estimate is needed-segment X of the Missouri River.
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The importance of clearly stated objectives can be seen by examining some data collected on breeding population of piping plovers on the Missouri River. This graph shows estimates of the breeding population for each of 4 years on a segment of the river. This graph might prompt a couple of management-relevant questions, such as "what was the breeding population of plovers in 2008?" It is simple to read a value off the graph and make management decisions based on that information. One also might be interested in the trend in breeding population between 2006 and 2009 and feel pretty certain it declined based on this graph.
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However, imagine what would happen if a second measure of breeding population from the exact same area was available, but it was measured using different methods. Now that question about the breeding population in 2008 becomes a lot less certain, because there are two very different estimates-one approximately 375 birds, and the other approximately 625 birds. Now it becomes really important to understand the differences in how these two datasets were collected and what objectives motivated collection of the data. Both datasets illustrate similar patterns of declining plover populations, but very different ones about the true number of breeding birds. Thus, it should be evident that simply labeling the response variable (in this case, breeding population) is insufficient to interpret a dataset.
In the prior slide, when only one dataset was presented, it was easy to rapidly make several conclusions about both trends and absolute abundance of breeding birds. In practice it is very rare that two complementary datasets are available to force thinking about how and why data were collected, but understanding the motivating objectives for a dataset should always be a priority when interpreting data.
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It is often tempting, and sometimes useful, to pose questions after a dataset has been collected, which might be labeled as a retrospective question. A prospective question is one that is stated in clear and measurable terms in advance of data collection, enabling a sampling design to assess predictions and competing hypotheses. In contrast, a retrospective objective is one stated after the data are already in hand that may be only loosely related to the original motivating objective. This can lead to inferences that are weaker and knowledge that is less reliable. Does this mean that retrospective questions should not be asked and cannot be answered? No, but it does mean that caution is needed to ensure that retrospective questions remain aligned with the original objectives and design principles that motivated the data collection.
Several different types of objectives are relevant to monitoring terns and plovers on the Missouri River. Each of these implies a different response variable that may be measured at a different scale.
Legal mandates include things like the Biological Opinion, which has very familiar goals for fledge ratios, suggesting measures of fledglings and breeding population are needed for the river system as a whole.
Species and population recovery plans for terns and plovers provide breeding population targets for the midcontinent population of both species.
Ecosystem recovery efforts such as the Missouri River Ecosystem Recovery Program are looking at system-wide targets for populations and productivity of terns and plovers. These kinds of targets will be used to evaluate success of ecosystem restoration, and they're different in spatial scale than the targets used in recovery plans or the Biological Opinion.
There are many management actions made to benefit terns and plovers, such as building sandbars, managing vegetation, caging nests, and managing predation. Each of these is taken at a different spatial scale and has a unique desired outcome, and these ought to be taken into account when setting objectives for monitoring.
Detecting and responding to threats is another objective that might require localized supporting data that matches the spatial extent of the threat.
And finally, river management decisions, such as manipulating flow rates to avoid loss of nests, might require information about everything that is happening at a given band of elevations that are affected by a water management decision.
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As diverse as these types of objectives are, the types of data needed to address them are equally diverse. Some objectives might require a census or a total count of individuals, whereas others may only require an estimate of mean and variation in abundance. It might not be necessary to know the absolute value of abundance, but just the relative abundance of individuals between two areas or two habitat types. It might not even be necessary to measure abundance at all as long as it is possible to detect trends, and it might not be necessary to quantify trends as long as one can determine where individuals are present and where they are absent. There are profound differences in how these different types of data are collected, and choosing the correct data type is linked intimately with the supporting objective.
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Likewise, there are many spatial scales at which data can be collected, ranging from very fine scales like nests or sandbars, to very coarse scales such as river reaches, lakes, or the entire Missouri River system. It might be necessary to sample in between these extremes, such as at the scale of a certain management action or within a certain range of elevations. Again, there are profound differences in how data are collected at each of these scales, and a clearly articulated objective will identify the proper spatial scale to ensure resulting data are appropriate for inference at the correct scale and informing the decision at hand.
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So how does all of this apply to the tern and plover monitoring program on the Missouri River? The program is clearly an extremely rich resource that has produced an abundance of numbers, but one of the uncertainties is how much "data" is contained in those numbers. Teasing the data out of the monitoring program requires an understanding of the objectives that have guided the program since its inception. Likewise, making adjustments to the program for the future requires an understanding of current and future objectives.
Despite these uncertainties, there are several areas where the monitoring program has done well. First, the program has assembled unique datasets on Federally listed species through its prioritization of long-term monitoring. Second, by complementing long-term monitoring with directed research, the program has shown that diverse sources of scientific information are important in decisionmaking. Third, the program has emphasized exchange and use of scientific information as a means to promote recovery of the river system.
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There has been much discussion recently about future adjustments to the monitoring program, and many discussions focused on how data are collected. In the future we will probably find that collecting and analyzing data will be the easy part. However, decisions about what data should be collected and why will likely be a necessary and much more difficult precursor.
The concepts illustrated in this presentation can be summarized in five points that might be considered as the tern and plover monitoring program moves forward. First, take actions with a purpose by setting objectives that are clearly articulated, measurable, and stated in advance. This up-front investment will lead to reliable and defensible conclusions and should be a key component of management, research, and monitoring.
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Second, is to make predictions and test them. Often it is the case that the likely outcome of a management action can be anticipated. If two or more potential outcomes can be articulated along with the associated biological metrics that would be associated with each outcome, then implementation and monitoring approaches could be readily designed to distinguish among the outcomes and support or refute these predictions.
Third, is asking "how" questions. Often a very simple question, such as "Does process X affect response Y?" has a very simple but not very interesting answer-"Yes, it does." It is far more interesting and relevant to management if the question "How does process X affect response Y?" is asked and the study design and data collection are approached accordingly.
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Fourth, the program could learn more by implementing management practices in accordance with experimental design principles, such as replication, randomization, and experimental controls. There are several examples where the program already has taken these steps and many more examples where learning could be enhanced dramatically by subtle, but very important adjustments to standard practices.
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The final, and perhaps most important point, is prioritizing information needs. It is important to understand that not all questions can be answered with one dataset, but if objectives are prioritized and resources are committed accordingly, the greatest chance of meeting the most important needs occurs. It may be that the highest priority objective cannot be achieved because it is too expensive or beyond the recovery program's means, which would require priorities to be adjusted, compromises be made, and the implications of those changes be understood.
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The guidelines for presentations at the Missouri River Natural Resources Conference asked authors to show how results were related to Missouri River Recovery. The instructions to presenters contained two statements that were very interesting, very encouraging, and very relevant not only to how science is being presented in this venue, but also to the actions to be taken when attendees leave the conference on Friday-Objectives should be clearly stated, and conclusions should relate back to objectives. This simple and concise statement is an excellent summary of the important points in this presentation.
